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INTRODUCTION 

Patients  with  Neurofibromatosis  2  (NF2)  are  affected  by  multiple  schwannomas  that  can  cause 
significant  morbidity  and  mortality.  In  addition  to  the  schwannomas,  NF2  patients  also  develop  numerous, 
small,  neoplastic  Schwann  cell  tumorlets  in  the  cauda  equina  that  do  not  grow  and  are  clinically  silent3"6.  Since 
have  the  NF2  gene  has  been  shown  to  be  inactivated  in  both  tumorlets  and  schwannomas,  we  have  posed  the 
hypothesis  that  additional  genetic  or  epigenetic  events  are  required  for  frank,  symptomatic  schwannomas  to 
develop7'".  The  purpose  of  this  study  is  to  find  the  specific  growth-associated  factors  that  drive  the 
progression  of  some  Schwann  cell  tumorlets  to  become  symptomatic  schwannomas,  by  using  oligonucleotide 
expression  microarray  analysis. 

PROGRESS  REPORT  BODY: 

a)  Approved  Statement  of  Work: 

Task  1:  To  compare  the  expression  profile  of  NF2-associated  Schwann  cell  tumorlets  and  frank  schwannomas 
using  microarray  analysis  and,  if  necessary,  cDNA  representational  differential  analysis  (Months  1-10): 

a.  Laser-capture  microdissection  of  Schwann  cell  tumorlets  [10  samples]  and  schwannomas  [10],  RNA 
extraction  and  generation  of  cDNA. 

b.  microarray  hybridization  and  analysis  of  data,  statistical  analysis  and  priorization. 

c.  cDNA-representational  difference  analysis  on  pairs  of  Schwann  cell  tumorlets  and  schwannomas  [3 
pairs]. 


Task  2:  To  evaluate  and  validate  the  candidate  growth-promoting  factors  at  the  RNA  and  protein  levels  on 
NF2-associated  schwannomas  relative  to  tumorlets;  NF2-associated  schwannomas  relative  to  tumor  growth 
rate;  sporadic  schwannomas  relative  to  sporadic  Schwann  cell  tumorlets;  and  schwannomas  relative  to  Schwann 
cell  hyperplasia  in  murine  NF2  models  (months  11-36). 

a.  Northern  blotting  and  RT-PCR,  frozen  tissues:  Schwann  cell  tumorlets  (NF2 -associated  [10  samples] 
and  murine  hyperplasia  [10])  and  schwannomas  (NF2-associated  [20],  sporadic  [30]  and  murine)  [10]. 

b.  Optimization  of  commercially  available  antibodies  to  candidate  proteins 

c.  Generation  of  monoclonal  and  polyclonal  antibodies  to  candidate  proteins 

d.  Optimization  of  newly  generated  antibodies 

e.  Western  blotting,  frozen  tissues:  Schwann  cell  tumorlets  (NF2-associated  [10  samples]  and  murine 
hyperplasia  [10])  and  schwannomas  (NF2-associated  [20],  sporadic  [30]  and  murine)  [10] 

f.  Immunohistochemical  analysis,  frozen  and  archival  tissues:  NF2-associated  Schwann  cell  tumorlets 
[10  samples],  NF2-associated  schwannomas  [70],  sporadic  tumorlets  [5],  sporadic  schwannomas  [30], 
murine  hyperplasia  [10]  and  murine  schwannomas  [10]. 


Task  3:  To  begin  investigation  of  the  mechanisms  underlying  overexpression  of  specific  differentially 
expressed,  growth-associated  molecules  (e.g.,  evaluation  of  gene  amplification,  cloning  of  promoter  regions). 
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b.)  Studies  and  Results 

Task  1:  Because  NF2-associated  Schwann  cell  tumorlets  are  clinically  silent,  these  lesions  can  only  be 
collected  from  autopsies.  We  have  collected  schwannomas,  Schwann  cell  tumorlets  and  unaffected  nerves  from 
5  NF2  patients  that  underwent  autopsies.  This  large  collection  of  tissues  ensures  sufficient  number  of  "test 
tissues",  i.e.  analysis  of  tissues  not  included  in  the  original  class  definition  study,  to  be  used  for  validation  by 
immunohistochemical  study  of  gene  products  identified  by  the  microarray  data. 

All  specimens  were  evaluated  histologically  (frozen  sections)  for  histological  verification  of  the  lesion  type. 
This  was  felt  to  be  necessary  because  tumorlets,  due  to  their  small  size,  may  be  indistinguishable  grossly  from 
folds  or  kinks  in  normal  nerves,  and  schwannomas  may  be  indistinguishable  from  meningiomas  by  gross 
appearance  alone  (both  tumor  types  are  common  in  NF2  patients).  This  type  of  careful  histological  examination 
of  each  lesion,  although  time  consuming  and  tedious,  guaranteed  that  the  micro-array  profiling  was  performed 
on  a  homogeneous,  well-characterized  set  of  schwannomas  and  tumorlets.  Selected  samples  of  each  of  the  NF2 
autopsies  were  used  for  RNA  extraction  and  amplification.  The  two  autopsies  with  best  quality  of  total  RNA 
(by  Agilent  2100  Bioanalyzer  system)  were  used  for  the  microarray  analysis,  while  the  other  3  cases  will  be 
used  for  immunohistochemical  studies.  As  more  cases  become  available,  the  information  collected  from  the 
microarray  and  immunohistochemical  analyses  may  allow  some  clinical  correlations.  For  example,  the 
expression  of  certain  growth  factors  in  tumors  from  a  certain  patient  may  correlate  to  total  tumor  load  or  to  the 
clinical  course. 

In  order  to  ascertain  that  the  RNA  is  derived  from  the  lesions  alone  and  not  contaminated  by  adjacent 
normal  nerves,  all  lesions  were  laser  captured  from  frozen  sections.  Although  this  is  required  only  for  the 
tumorlets  that  are  deeply  embedded  in  nerves,  we  chose  to  laser  capture  all  the  lesions  to  assure  a  uniform, 
standardized  procedure,  and  avoid  the  possible  introduction  of  a  procedural  bias  by  treating  tumorlets  and 
schwannomas  differently.  Therefor,  all  tissues  (schwannomas,  tumorlets,  peripheral  nerves)  selected  for 
microarray-analysis  have  been  laser  captured  and  the  RNA  extracted  and  amplified  using  the  same  protocols. 
RNA  was  extracted  using  the  Picopure  RNA  Isolation  kit  (Arcturus  Engineering)  and  two-round  amplification 
was  performed  using  the  Arcturus  Ribo-Amp  RNA  Amplification  Kit  (Arcturus  Engineering).  Amplified  RNA 
was  labeled  with  biotinylated  uracil  for  the  Affymetrix  cDNA  microarray  chip  (U1 33)  using  the  ENZO  High- 
Yield  RNA  Transcript  Labeling  Kit  Protoco  (Life  Sciences).  All  samples  were  done  in  duplicates  because 
Affymetrix's  algorithm  of  data  analysis  software  (MAS  5.0)  works  best  if  each  data  point  consists  of  duplicated 
and  the  software  can  then  provide  p-values  based  on  well-accepted  statistical  procedures. 

Samples  were  then  hybridized  to  the  cDNA  Affymetrix  Human  Genome  U133  chip  that  screens  39,000 
transcripts.  The  data  is  loaded  into  our  Bio  Informatics  Programs  of  Affymetrix  (MAS  5.0).  This  program  was 
used  to  average  the  values  for  each  transcript  for  each  group  and  calculate  the  mean,  standard  deviation  and 
standard  error  for  each  measurement.  The  program  includes  various  analytical  tools  such  as  cluster  analysis. 
Class  Prediction  paradigm  and  a  variety  of  search  tools  that  detect  genes  that  behave  in  similar  fashions  across 
groups.  Raw  expression  values  were  normalized  by  linear  scaling,  so  that  the  mean  array  intensity  was  similar 
on  all  scans.  Intensity  thresholds  were  set  at  20  and  20,000  units,  resulting  in  20160  transcripts  for  analysis. 

This  probe  set  was  subjected  to  t-test  analysis  using  Vector  Xpression  and  GeneSifter  software  for  the 
identification  of  differentially  expressed  transcripts.  Transcripts  with  a  P  value  less  than  0.01  were  selected, 
yielding  88  up-regulated  and  28  down-regulated  genes.  The  breakdown  of  all  differentially  expressed  genes  by 
molecular  function  is  shown  in  the  figure  bellow. 


Figure  1 :  molecular  function  of  differentially  expressed  genes 


In  addition,  the  20160  probes  were  also  analyzed  with  Gene  Cluster,  using  the  signal  to  noise  metric. 
Overlapping  the  genes  identified  by  these  two  separate  methods  yielded  14  up-regulated  genes. 


Of  particular  interest  were  some  of  the  genes  involved  in  signal  transduction  or  in  anti-apoptotic  activity,  for 
example  anti-apoptotic  gene  shown  in  figure  2. 

Figure  2 
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Task  2: 

Prioritization  of  the  up-regulated  genes  has  been  complete  and  data  validation  is  being  performed  on  the 
selected  genes  that  showed  the  most  differential  expression.  Some  of  the  amplified  RNA  from  each  sample  will 
be  used  for  confirmatory  analysis  (in  5  selected  genes,  based  on  microarray  gene  expression  data)  using  the 
Real  Time  Quantitative  PCR  (Taqman,  ABI  Prism  7700  System).  This  system  monitors  PCR  at  every  cycle  by 
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using  a  fluorogenic  probe.  It  provides  amplification  plots  of  the  sample  as  well  as  of  standards  (serial  dilutions 
with  known  starting  copy  number).  Therefor  providing  an  evaluation  of  the  copy  number  of  the  sample  from  the 
amplification  plot  (based  on  the  threshold  cycle  that  its  plot  crosses  a  defined  fluorescence  threshold).  This  is  a 
very  sensitive  and  reproducible  technique,  and  provides  confirmation  to  microarray  expression  data.  We  are 
using  the  pre-designed  primer  and  probe  sets  now  available  from  Applied  Biosystems  (2000  of  the  genes  in  the 
Affymetrix  chip). 

In  addition,  confirmation  by  immunohistochemistry  will  be  performed.  We  are  currently  optimizing 
conditions  for  immunohistochemistry  on  paraffin  embedded  tissues  for  selected  candidate  gene  products. 


Task  3: 

H&E  sections  of  formalin-fixed,  paraffin-embedded  sporadic  and  NF2-associated  schwannomas  were 
reviewed  for  histological  confirmation.  Appropriate,  representative  blocks  were  selected  and  unstained  sections 
were  cut,  to  be  used  in  the  future  for  immunostaining  for  growth  factors  identified  by  the  GeneChip  analysis. 
Some  of  the  tumors  (50  cases)  were  also  evaluated  for  nerve  entrapment  by  neurofilament  immunostaining 
(tumor  invasion  into  adjacent  nerve)  and  for  proliferation  activity  by  MIB1  immunostaining.  These  histological 
features  will  be  correlated  to  the  expression  of  gene  products  identified  by  the  Affymetrix  GeneChip.  Murine 
lesions  have  been  reviewed  and  examples  of  schwannomas  and  Schwann  cell  hyperplasia  were  identified. 


KEY  RESEARCH  ACCOMPLISHMENTS: 

-  Acquisition  of  large  numbers  of  tumorlets,  schwannomas  and  normal  peripheral  nerves  from  NF2 
patients 

-  Development  and  optimization  of  protocols  for  the  harvesting,  processing,  laser  capturing,  extraction 
and  amplification  of  laser-captured  RNA  (completed). 

-  Histological  verification  of  the  tissues  collected  on  frozen  sections 

-  Laser  capturing  of  specimens  (completed). 

-  RNA  extraction,  amplification  and  labeling  of  all  laser  captured  samples  (completed) 

-  Selection  of  cases  to  be  analyzed  by  Affymetrix  GeneChip  based  on  quality  and  quantity  of  RNA 
evaluated  by  Agilent  Bioanalyzer  (completed). 

-  Analysis  of  samples  by  GeneChip  (completed) 

-  Bio  Informatics  analysis  of  the  expression  data  generated  by  the  GeneChip  (completed). 

-  Histological  examination  of  H&E  stained  slides,  selection  of  appropriate  blocks  and  cutting  of 
unstained  sections  from  50  schwannomas  to  be  used  for  validation,  by  immunohistochemistry,  of 
identified  gene  products  (completed). 

-  Validation  by  RT  PCR  and  immunohistochemistry  differentially  expressed  genes  (ongoing). 

-  Analysis  of  mouse  lesions  with  immunohistochemistry  for  differentially  expressed  genes  in  human 
lesions  (ongoing). 


REPORTABLE  OUTCOMES 

NONE 

CONCLUSIONS 

Microarray  expression  study  conducted  on  Schwann  cell  tumorlets  and  Schwannomas  yielded  a 
total  of  1 16  differentially  expressed  genes:  88  up-regulated  genes  and  28  down  regulated  genes.  Many  of 
the  genes  are  known  to  have  a  function  in  Schwann  cell  development  and  differentiation,  some  have 
anti-apoptotic  functions,  some  are  involved  in  signal  transduction.  These  results  are  currently  being 
validated  by  RT-PCR  and  by  immunohistochemistry.  These  results,  although  preliminary,  are  exciting 
and  may  contribute  a  great  deal  to  our  understanding  of  tumor  growth  in  schwannomas  in  NF2  patients. 
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